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Receiver operating characteristic curve
analysis
a b s t r a c t
Background: This study examined the validity of the FitnessGram® criterion-reference cut-points for
cardiorespiratory fitness (CRF) based on two samples of US adolescents (aged 12e15 years). This study
also established the CRF cut-points for metabolically healthy weight status based on a recent national
fitness survey for the purposes of cross-validating with pre-existing cut-points including FitnessGram.
Methods: Two cross-sectional data from the 2003e2004 National Health and Nutrition Examination
Survey (NHANES) (n ¼ 378) and 2012 NHANES National Youth Fitness Survey (NNYFS) (n ¼ 451) were
used. CRF (estimated _VO2max in mL/kg/min) was estimated from a submaximal exercise test. CRF cate-
gories based on FitnessGram cut-points, a clustered cardiometabolic risk factors score and weight status
were used. A series of Receiver Operating Characteristic (ROC) curve analyses were conducted to identify
age- and sex-specific CRF cut-points that were optimal for metabolically healthy weight status.
Results: Based on FitnessGram cut-points, having high risk CRF, but not low risk CRF, was associated with
high cardiometabolic risk (OR ¼ 3.17, 95% CI ¼ 1.14e8.79) and unhealthy weight status (OR ¼ 5.81, 95%
CI ¼ 3.49e9.68). The optimal CRF cut-points for 12-13-year-olds and 14-15-year-olds were 40 and 43 mL/
kg/min in males and 39 and 34 mL/kg/min in females, respectively. Compared to meeting new CRF cut-
points, not meeting new CRF cut-points was associated with higher odds of showing high car-
diometabolic risk (OR ¼ 2.91, 95% CI ¼ 1.47e5.77) and metabolically unhealthy weight status (OR ¼ 4.47,
95% CI ¼ 2.83e7.05).
Conclusion: FitnessGram CRF cut-point itself has rarely been scrutinized in previous literature. Our
findings provide partial support for FitnessGram based on two samples of US adolescents. CRF cut-points
established in this study supports international criterion-referenced cut-points as well as FitnessGram
cut-points only for males. FitnessGram should be continuously monitored and scrutinized using different
samples.
© 2020 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Cardiovascular disease is the leading cause of morbidity and
mortality globally; approximately 17% of all deaths in high-income
countries in 2016 was due to ischemic heart disease.1
Cardiorespiratory fitness (CRF) is a strong predictor of various
health outcomes2 including cardiovascular and respiratory function
in adolescents, independent of physical activity and obesity.3 Given
recent temporal declines in CRF4 globally and US adolescents
showing low levels of CRF relative to international norms,5,6
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monitoring CRF using standardized CRF cut-points among US ad-
olescents is important for their current and future health.7
The FitnessGram® program (The Cooper Institute, Dallas, TX) is
a fitness assessment that has beenwidely used in US schools to help
teachers track and screen health-related fitness over time.8,9
Owned by the Cooper Institute, FitnessGram-related products are
being sold in a range of forms to US schools, such as flexibility
measuring boxes ($165.99), pull-up bars ($599.99), and two forms
of software ($599 hosted version and $799 enterprise version) with
license renewals ranging between $99e149.10
CRF cut-points in FitnessGram were last updated in 2011.9
Specifically, age- and sex-specific CRF cut-points (also called
“standards”) were developed based on the data from the National
Health and Nutrition Examination Surveys (NHANES) 1999e2000
and 2001e2002 cycles.11 Being mandated in several provinces in
the US (https://www.cooperinstitute.org/pub/news.cfm?id¼24),
FitnessGram has been widely adopted by US schools for fitness
testing with support from scholarly articles, the Cooper Institute
and not-for-profit organizations such as Human Kinetics, SHAPE
America, US games, and National Football League (via providing
subsidies by having their logo on FitnessGram products).10
In recent scholarship, it was noted that out of 300 peer-reviewed
articles pertaining to FitnessGram, only a few scrutinized the
shortcomings and challenges associatedwith its implementation or
the methodology, while the limitations that FitnessGram itself has
have been largely ignored.10,12 FitnessGram CRF cut-points include
three categories: Healthy Fitness Zone (HFZ) and two levels of
Needs Improvement Zone (NIZ). The HFZ reflects the CRF values
associated with adequate functional and/or health-related in-
dicators while NIZ consists of two risk levels: some risk and high
risk.9 Given the temporal decline of CRF among adolescents
worldwide, particularly among US adolescents,4 it is important that
we continue to regularly monitor and scrutinize FitnessGram cut-
points to strive for better science and further our health surveil-
lance efforts at a population level.13
The primary aim of this study was to examine the validity of the
current FitnessGram standards based on two newer samples of US
adolescents based on the national datasets. The secondary aim of
this study was to generate new criterion-referenced age- and sex-
specific CRF cut-points using the most recent dataset available in
the US, the NHANES National Youth Fitness Survey (NNYFS) 2012.
The secondary aim was to determine whether CRF cut-points
established based on our sample align with FitnessGram11 and
two other interim international criterion-referenced cut-points.6,14
Methods
Data source
Cross-sectional data from the 2003-2004 NHANES and the 2012
NHANES NNYFS were used in the present study. The NHANES is a
continually administered national survey conducted by the Na-
tional Center for Health Statistics (NCHS), Centers for Disease
Control and Prevention (CDC). The NHANES is designed to assess
the health and nutrition status of US citizens via in-person in-
terviews and direct physical examinations in biannual cycles.
Directly measured CRF data among adolescents since the most
recent update of the FitnessGram which was based on the
1999e2002 NHANES datasets were only available up to the
2003e2004 cycle; thus, the 2003e2004 NHANES dataset was
selected for analysis. Using stratifiedmultistage clustered sampling,
a total of 1131 adolescents aged 12e15 years were included. We
only included this age group because fitness data were only avail-
able among adolescents aged 12e15 years in the other key dataset
used in this study, NNYFS. The 2012 NNYFS was conducted by the
CDC NCHS to obtain recent data on fitness and health indicators
among a nationally representative sample of children and adoles-
cents (aged 3e15 years). Measurement included a household
interview and an assessment of anthropometric and fitness mea-
sures in a Mobile Examination Center. A total of 510 adolescents
aged 12e15 years with information on body mass index (BMI) and
CRF were included.
All publicly available files from NHANES and NNYFS were de-
identified before the CDC released the data; therefore, Institu-
tional Review Board approval was not obtained. Detailed data




Predicted maximal oxygen uptake ( _VO2max) using a submaximal
treadmill exercise test was used to estimate CRF. Trained health
technicians conducted a submaximal treadmill exercise test with
each participant assigned to one of eight test protocols varying in
difficulty, based on their age, sex, BMI, and physical activity levels.
Each protocol aimed to have participants reach ~75% of their age-
predicted maximum heart rate (220 e age) by the end of the test.
Those at high risk of adverse events during exercise testing (e.g.,
individuals with known disease or signs and symptoms of disease)
were excluded based on pre-exercise screening using question-
naires and resting heart rate and blood pressure criteria. The testing
protocol consisted of a 2-min warm-up and two 3-min stages,
followed by a 2-min cool-down. Heart rate responsewasmonitored
at the end of each stage as well as after each minute of recovery
using the Colin STBP-780 automated BP (San Antonio, TX, USA), and
wires connected to four electrodes places on the thorax and
abdomen (NHANES Cardiovascular Fitness Procedures Manual,
2005). _VO2max was estimated by extrapolation of heart rate from
the two 3-min exercise stages to age-predicted maximum heart
rate. Detailed description of the NHANES CRF testing procedures
are available elsewhere (NHANES Cardiovascular Fitness Proced-
ures Manual, 2005). Based on the age- and sex-specific _VO2max cut-
points in FitnessGram (https://pftdata.org/files/hfz-standards.pdf),
CRF scores were classified into three groups: “HFZ”, “NI-some risk”
and “NI-high risk”.11
Cardiometabolic risk factors
Waist circumference, systolic and diastolic blood pressure, fasting
triglycerides, high-density lipoprotein cholesterol (HDL-C), and fast-
ing glucose were used to indicate clustered cardiometabolic risk
among participants using the 2003e2004NHANESdata based on the
criteria used inprevious studies to determinemetabolic syndrome in
adults17 and adolescents.18,19 Waist circumference was measured to
nearest 0.1 cmusing a steelmeasuring tape just above the uppermost
lateral border of the iliac crest. Systolic and diastolic blood pressure
were measured at least three consecutive times manually using a
mercury sphygmomanometer after a 5-min rest while sitting. The
three consecutive measurements were then averaged to obtain the
final blood pressure values. Triglycerides, HDL-C, and fasting glucose
were determined from blood samples taken from participants. Tri-
glyceride sampleswere only drawn from thosewho fasted at least 9 h
before venipuncture. All data collection for cardiometabolic risk fac-
tors were done in the mobile examination center laboratory and the
blood samples were processed, stored, and sent to the Johns Hopkins
University Lipoprotein Analytical Laboratory (for HDL-C), Johns
HopkinsHospital (for triglycerides), and to theUniversityofMissouri-
Columbia (for glucose) for analysis. Age- and sex-specific cut-off
values from the National Cholesterol Education Program/Adult
E.-Y. Lee et al. / Journal of Exercise Science & Fitness 18 (2020) 129e135130
Treatment Panel III Adult values were used to determine car-
diometabolic risk for each variable.18 In addition, all cardiometabolic
risk scores were standardized as z-scores, with HDL-C scores multi-
plied by 1 before standardization to be consistent with other risk
factors (i.e., lower scores reflect favorable conditions while higher
scores reflect unfavorable conditions). Clustered cardiometabolic risk
was calculated using the following equation: ([standardized waist
circumferenceþ standardizedmean arterial pressureþ standardized
triglycerides þ standardized HDL cholesterol  1 þ standardized
fasting glucose]/5). The clustered cardiometabolic risk values were
then dichotomized into “high risk” and “low risk”. High car-
diometabolic risk was defined as >75th percentile of the total clus-
tered cardiometabolic risk score (z-score of >0.67)19.
In the NNYFS, standing height was measured by a trained health
technician using a portable stadiometer SECA 217 while body mass
was measured using a portable digital weight scale SECA 869
(Chino, CA, USA). Body mass index (BMI) was calculated for each
participant using the following equation: body mass (kg)/height
(m).2 Weight status was classified into metabolically healthy or
unhealthy weight status based on the age-and sex-specific 5th and
85th percentiles using the 2000 CDC growth charts.15
Covariates
Age, sex, race/ethnicity, BMI, and annual household income
were included as covariates for the primary aim of this study given
their previously demonstrated relationships with cardiometabolic
risk factors.20 Age in years was reported as age at last birthday. Sex
was self-reported as male or female. Race/ethnicity was derived by
combining responses to questions on race and Hispanic origin. The
categories included Mexican American, Other Hispanic, non-
Hispanic Black, non-Hispanic White, and other race including
non-Hispanic multiracial. Based on the recommendation from the
NCHS, race/ethnicity was categorized as Hispanic, non-Hispanic
Black, non-Hispanic White, and other race (including mixed
race).15 Annual household income was collected by asking in-
dividuals to report their income from a scale ranging from “1
($0e4999)” to “11 ($75,000 and over)”, “12 (Over $20,000)”, “13
(Under $20,000)”, “77 (Refused)”, or “99 (Don’t know)”. The income
variable was recoded into four categories: $0e19,999,
$20,000e44,999, $45,000e64,999, $65,000, and Refused/Don’t
know.
Statistical analyses
Descriptive statistics for the study variables were calculated and
presented as means and standard deviations for continuous vari-
ables and as percentages for categorical variables. To achieve the
primary aim, logistic regression analyses were performed using
both the 2003e2004 NHANES and 2012 NNYFS datasets. Odds ra-
tios (OR) and 95% confidence intervals (95% CI) was calculated to
examine the associations between three risk levels of the Fitness-
Gram CRF cut-points and a clustered cardiometabolic risk score in
2003e2004 NHANES, and metabolically healthy/unhealthy weight
status in 2012 NNYFS. Exposure-outcome gradients were calculated
using the analysis of linear trend (p-for-trend) to examine if asso-
ciations between FitnessGram CRF cut-points and a clustered car-
diometabolic risk score/weight status are in a linear fashion.
To explore whether the CRF cut-points established based on our
sample support the interim international criterion-referenced and
FitnessGram cut-points, Receiver Operating Characteristic (ROC)
curves were used to identify age- and sex-specific CRF cut-points to
discriminate metabolically healthy and unhealthy weight status,
while maximizing both sensitivity and specificity using Youden’s J
statistic. Sensitivity is the proportion of individuals who are
correctly classified as having healthy weight status according to the
2000 CDC growth chart, whereas specificity denotes the proportion
of individuals who are correctly classified as having unhealthy
weight status. FitnessGram cut-points categorize adolescents into
three different groups (HFZ, NIZ-some risk, and NIZ-high risk)
based on CRF scores. While having three categories can provide
more specific information, it is also more susceptible to classifica-
tion bias than having two categories. Therefore, CRF cut-points
were only developed based on two categories (i.e., metabolically
healthy vs. unhealthy weight status) in our study. Area under the
curve (AUC) was used to determine the discriminating power of
weight status with the AUC value of “1” indicating perfect
discriminating power and “0.5” indicating no discriminating power.
For sensitivity analysis purposes, logistic analyses were conducted
to examine the association between CRF categories based on the
newly generated age- and sex-specific CRF cut-points and a clus-
tered cardiometabolic risk score in 2003e2004 NHANES and
weight status in 2012 NNYFS. All analyses were conducted in R
(version 3.5.1 for Windows) and statistical significance was set a
priori at p < 0.05. The ROC curves were generated using the pROC
package. All analyses incorporated sample weights, cluster, and
strata variables provided with each respective dataset.
Results
Of the 1131 eligible adolescents who participated in 2003e2004
NHANES, only 362 adolescents had complete cases. This major loss
was mainly due to missing cases in cardiometabolic risk factors
(e.g., Triglycerides, missing n ¼ 650) that are commonly observed
with NHANES laboratory data. Regardless of large missing cases, no
significant differences existed between the samples included and
excluded in all key variables and covariates (p > 0.05). For the 2012
NNYFS data, 59 adolescents were excluded from the analysis due to
missing data, leaving a total of 451 in the analytic sample. Between
samples included and excluded, a significant difference was found
in race/ethnicity (p ¼ 0.002). Included sample had more Hispanic
(26.8 vs 21.8%) and non-Hispanic Black (14.7 vs 17.4%) and less non-
Hispanic White adolescents (56.0 vs 49.0%) than the excluded
sample.
The sample characteristics are presented in Table 1. In the
2003e2004 NHANES dataset, the average estimated _VO2max for
male and female adolescents were 44 mL/kg/min and 39 mL/kg/
min, respectively. Percentage estimates for adolescents with unfa-
vorable CRF based on the FitnessGram cut-points were 24% in
males and 62% in females. The proportions of male and female
adolescents showing clustered cardiometabolic risk (>75th
percentile of the total clustered cardiometabolic risk score; z-score
of >0.67) were 26% and 21%, respectively. In the 2012 NNYFS
dataset, the average _VO2max for male and female adolescents were
43 mL/kg/min and 38 mL/kg/min, respectively. Percentage esti-
mates for adolescents with unfavorable CRF based on the Fitness-
Gram cut-points were 50% in males and 68% in females. The
proportions of male and female adolescents showing metabolically
unhealthy weight status were 49% and 42%, respectively.
Table 2 presents the associations between FitnessGram-derived
age- and sex-specific CRF categories and clustered cardiometabolic
risk factors after adjusting for covariates. Specifically, compared to
those in HFZ, those in NI-high risk (OR ¼ 3.17, 95%CI ¼ 1.14e8.79)
were more likely to have high cardiometabolic risk in 2003e2004
NHANES data. When the 2012 NNYFS data were used, NI-high risk
was associated with metabolically unhealthy weight status
(OR ¼ 5.81, 95%CI ¼ 3.49e9.68). NI-some risk was not associated
with the outcomes in both datasets.
To generate age- and sex-specific CRF cut-points, ROC curve
analyses were run using the 2012 NNYFS dataset. As shown in




cases (N ¼ 1131)
After excluding missing cases
All Males Females
2003e2004 NHANES
N 362 194 168
Age (years) (Mean, 95% CI) 1105 13.5 (13.4e13.5) 13.5 (13.4e13.6) 13.6 (13.5e13.8) 13.4 (13.1e13.6)
Height (cm) (Mean, 95% CI) 1096 162.6 (161.7e163.5) 163.5 (161.8e165.2) 166.9 (164.8e169.0) 159.6 (158.2e160.9)
Mass (kg) (Mean, 95% CI) 1096 59.8 (58.0e61.5) 59.2 (56.0e62.3) 62.1 (57.9e66.4) 55.8 (53.2e58.4)
Body mass index (kg/m2) (Mean, 95% CI) 1096 22.4 (21.7e23.1) 21.9 (21.1e22.7) 22.0 (21.0e23.0) 21.8 (21.0e22.6)
Race/Ethnicity (%, 95%CI) 1105
Hispanic 16.0 (10.2e24.3) 18.9 (11.5e29.4) 19.6 (11.2e32.0) 18.4 (11.2e28.7)
Non-Hispanic Black 15.5 (10.9e21.6) 18.5 (12.5e26.5) 18.0 (11.8e26.5) 19.0 (12.4e27.9)
Non-Hispanic White 63.0 (52.0e72.8) 56.2 (43.0e68.5) 55.8 (43.8e67.2) 56.4 (40.6e71.0)
Other 5.5 (3.3e8.9) 6.4 (3.4e12.0) 6.6 (2.3e17.6) 6.3 (2.6e14.1)
Annual household income (%, 95%CI) 1047
<$20,000 16.6 (13.0e21.0) 17.3 (11.9e24.4) 14.9 (8.5e24.7) 20.0 (12.8e30.0)
$20,000e44,999 28.8 (25.8e32.1) 33.6 (27.1e40.8) 34.0 (23.4e46.6) 33.1 (24.3e43.2)
$45,000e64,999 18.7 (13.4e25.3) 15.9 (9.9e23.7) 15.1 (8.0e26.7) 16.2 (8.2e29.3)
$65,000 35.9 (30.2e42.1) 33.4 (25.0e43.1) 35.7 (24.9e48.2) 30.7 (21.2e42.2)
Don’t know/refused 0.3 (0.1e1.4) 0.1 (0.0e1.0) 0.1 (0.0e1.0) e
Estimated _VO2max (mL/kg/min) (Mean, 95% CI) 853 41.6 (40.1e43.1) 41.8 (40.2e43.4) 44.4 (42.5e46.3) 38.7 (36.8e40.6)
Cardiometabolic risk factors (Mean, 95% CI)
Waist circumference (cm) 1080 78.5 (76.8e80.1) 77.0 (75.1e78.8) 77.8 (75.0e80.6) 76.1 (74.5e77.7)
NCEP-determined high risk (%, 95% CI) 19.9 (14.8e26.4) 16.8 (12.1e22.7) 8.5 (4.6e15.0) 26.2 (17.4e37.5)
Blood pressure (mmHg) 1075
Systolic 107.1 (106.2e108.0) 107.4 (105.6e109.2) 111.9 (108.5e113.3) 103.3 (101.4e105.2)
NCEP-determined high risk (%, 95% CI) 6.3 (4.1e9.6) 5.0 (2.3e10.6) 9.2 (4.4e18.1) 0.3 (0.0e2.5)
Diastolic 57.2 (56.1e58.3) 58.4 (56.5e60.2) 56.3 (53.6e58.9) 60.9 (59.0e62.7)
NCEP-determined high risk (%, 95% CI) 0.9 (0.4e2.2) 1.5 (0.5e4.2) 2.8 (1.1e7.2) 0.0 (0.0e0.0)
Triglycerides (mmol/L) 481 1.0 (0.9e1.1) 1.0 (0.8e1.1) 1.0 (0.8e1.1) 0.9 (0.8e1.1)
NCEP-determined high risk (%, 95% CI) 12.4 (7.9e19.1) 12.9 (8.2e19.8) 16.5 (9.0e28.3) 8.8 (2.9e23.9)
HDL-C (mmol/L) 996 1.4 (1.3e1.4) 1.4 (1.4e1.5) 1.4 (1.3e1.5) 1.5 (1.4e1.5)
NCEP-determined high risk (%, 95% CI) 23.9 (18.9e29.7) 22.2 (16.7e28.9) 18.4 (9.1e33.6) 26.5 (20.4e33.6)
Fasting glucose (mmol/L) 487 5.1 (5.0e5.3) 5.0 (4.9e5.1) 5.1 (5.1e5.2) 4.9 (4.8e5.0)
NCEP-determined high risk (%, 95% CI) 0.5 (0.1e3.4) 0.0 (0.0e0.0) 0.0 (0.0e0.0) 0.0 (0.0e0.0)
FITNESSGRAM standards (%, 95% CI)
Healthy Fitness Zone 56.5 (48.8e63.8) 46.1 (37.8e54.6) 75.9 (63.0e85.3) 37.9 (29.2e47.6)
Needs Improvement Zone-some risk 12.1 (9.5e15.4) 17.2 (12.0e24.1) 10.8 (6.6e17.2) 16.3 (9.9e25.7)
Needs Improvement Zone-high risk 31.4 (24.2e39.7) 36.6 (27.4e46.9) 13.3 (6.5e25.2) 45.8 (32.3e59.9)
High clustered cardiometabolic risk score (>75th percentile) (%, 95% CI) 28.1 (19.6e38.5) 28.7 (21.8e36.7) 26.3 (16.3e39.6) 20.9 (14.6e29.1)
2012 NNYFS
n 510 451 228 223
Age (years) (Mean, 95% CI) 510 13.4 (13.3e13.5) 13.3 (13.1e13.4) 13.5 (13.2e13.7) 13.0 (12.8e13.2)
Height (cm) (Mean, 95% CI) 510 162.4 (161.6e163.3) 162.6 (161.8e163.5) 165.5 (163.9e167.1) 159.3 (157.7e160.9)
Mass (kg) (Mean, 95% CI) 489 60.8 (59.1e62.4) 61.2 (58.9e63.5) 62.9 (59.7e66.1) 59.3 (56.3e62.2)
Body mass index (kg/m2) (Mean, 95% CI) 489 22.8 (22.2e22.4) 22.9 (22.2e23.6) 22.7 (22.0e23.4) 23.2 (22.1e24.2)
Race/Ethnicity (%, 95% CI) 510 a
Hispanic 21.8 (13.2e33.8) 26.8 (15.7e41.8) 27.9 (17.2e41.9) 25.4 (12.2e45.7)
Non-Hispanic Black 14.7 (7.0e28.3) 17.1 (8.2e32.2) 18.6 (8.4e36.3) 15.4 (6.9e30.7)
Non-Hispanic White 56.0 (38.8e71.9) 49.0 (30.9e67.3) 45.1 (29.4e61.9) 53.5 (30.0e75.6)
Other 7.5 (4.3, 12.7) 7.1 (4.3e11.6) 8.4 (4.9e14.0) 5.7 (2.2e13.8)
Annual household income (%, 95% CI) 493
<$20,000 18.6 (14.6e23.2) 18.8 (14.8e23.5) 19.4 (12.9e28.0) 18.0 (12.8e24.9)
$20,000e44,999 40.5 (33.8e47.6) 37.6 (30.4e45.3) 34.2 (26.0e43.4) 41.6 (33.3e50.4)
$45,000e64,999 17.3 (13.9e21.3) 19.5 (15.2e24.7) 24.8 (18.0e33.0) 13.4 (10.4e17.2)
$65,000 21.3 (16.0e27.8) 21.3 (15.5e28.5) 19.1 (12.8e27.6) 23.8 (16.0e33.8)
Don’t know/refused 2.3 (1.2e4.5) 2.8 (1.5e5.4) 2.6 (1.1e5.9) 3.1 (1.1e8.2)
Estimated _VO2max (mL/kg/min) (Mean, 95% CI) 451 40.9 (39.5e42.2) 40.5 (38.9e42.0) 43.1 (41.3e44.9) 37.5 (36.3e38.7)
FITNESSGRAM standards (%, 95% CI) 451
Healthy Fitness Zone 43.1 (37.2e49.2) 41.6 (35.4e48.1) 49.9 (41.7e58.2) 31.9 (26.3e38.0)
Needs Improvement Zone-some risk 14.8 (10.1e21.1) 11.6 (8.2e16.3) 9.3 (5.3e15.9) 14.3 (9.0e22.2)
Needs Improvement Zone-high risk 42.1 (33.6e51.2) 46.8 (38.7e55.0) 40.8 (32.2e49.9) 53.8 (44.6e62.7)
Weight status (%, 95% CI) 489
Metabolically unhealthy 44.4 (38.2e50.8) 45.5 (40.4e50.7) 48.7 (42.4e55.1) 41.7 (33.5e50.4)
Data source: 2003e3004 NHANES, 2012 NNYFS.
Note. HDL-C, High-Density Lipoprotein Cholesterol; National Cholesterol Education Program/Adult Treatment Panel III Adult (NCEP).
NHANES, National Health and Nutrition Examination Survey; NNYFS, NHANES National Youth Fitness Survey.
Values are described as mean or percentage (%) and 95% confidence intervals (95% CI).
a Significant difference between samples included vs excluded by p < 0.05.
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Table 3, the overall CRF cut-points identified for adolescents (aged
12e15 years) were 41 mL/kg/min for males and 38 mL/kg/min for
females. In addition, age- and sex-specific optimal CRF cut-points
for 12- to 13-year-olds were 40 mL/kg/min for males and 39 mL/
kg/min for females. The corresponding cut-points for 14- to 15-
year-olds were 43 mL/kg/min for males and 34 mL/kg/min for
females.
Table 4 shows the associations between newly generated CRF
cut-points based on the 2012 NNYFS data and cardiometabolic
score/weight status using 2003e2004 NHANES and 2012 NNYFS.
Compared to meeting new CRF cut-points, not meeting new CRF
cut-points was associated with higher odds of showing high car-
diometabolic risk (OR¼ 2.91, 95% CI¼ 1.47e5.77) andmetabolically
unhealthy weight status (OR ¼ 4.47, 95% CI ¼ 2.83e7.05).
Discussion
This studyprovidedonlypartial support for FitnessGramCRFcut-
points based on 2003e2004NHANES and 2012NNFYS data. Though
thehealth outcomes and samples usedweredifferent across the two
datasets, our results suggest that it may be important to reconsider
and potentially update the current FitnessGram CRF cut-points us-
ing a more robust methodology. This study established overall and
age- and sex-specific CRF cut-points using 2012 NNYFS to cross-
validate with FitnessGram and two interim international criterion-
references cut-points.6,14 The CRF cut-points established in this
study for 12-15-year-olds are 41mL/kg/min formales and 38mL/kg/
min for females, which align well with interim international cut-
points but only partially for FitnessGram (only in males).
FitnessGram classifies adolescents into three groups based on
their CRF performance: those who are “healthy”, and those with
“some risk” and “high risk”.21 FitnessGram has its merits for
providing age- and sex-specific CRF cut-points and enabling large-
scale school-based physical fitness testing to enhance physical
education programming22; however, accumulating evidence also
suggests that FitnessGram’s implementation12 and interpretation
of findings10 are still in question and need to be considered. Perhaps
this is due to having three unique categories to determined health
risk based on CRF scores that largely vary by individuals based on
many factors (e.g., biological, behavioural, environmental).23,24
Also, FitnessGram CRF cut-point itself may need more thorough
evaluation given that we fail to detect significantly different health
outcomes among those at low risk compared to those who are
healthy based on their CRF scores. Combined, FitnessGram cut-
points should be continuously monitored and scrutinized using
robust science that provides strong reproducibility and
replicability.
Overall, the new CRF cut-points generated in this study support
the previously determined CRF cut-points suggested in the litera-
ture.6,14 The utility of CRF as a predictor of cardiometabolic health,
including metabolically healthy weight status, among adolescents
has been well documented in previous reviews.6,14 A recent sys-
tematic review on international interim criterion-referenced stan-
dards for healthy CRF is 42 mL/kg/min for males and 35 mL/kg/min
for females.6 The cut-points generated using the ROC curve tech-
nique in our study provides similar ranges of CRF cut-points
(40e43 mL/kg/min for males and 34e39 mL/kg/min for females)
in comparison to the interim international criterion-referenced
cut-points.6,14 Compared to our new CRF cut-points and the sug-
gested interim international cut-points, FitnessGram (i.e., 42 mL/
kg/min for males and 40 mL/kg/min for females) appear to be
consistent for males but slightly over-estimated for females to
accurately determine cardiometabolic risk.11
Other than our findings suggesting that the validity of Fitness-
Gram cut-points may have been inflated in previous literature,
several logistical challenges associated with FitnessGram were re-
ported in previous literature, including children’s disliking of
fitness testing,25 parents’ resistance,26,27 teachers’ unpreparedness
to conduct fitness testing and manage data and lack of re-
sources.10,12,28 Here, it is important to highlight that this study did
not intend to interfere with the implementation and advocacy for
FitnessGram but to encourage the advancement of the science and
implementation of future fitness testing through scholarly scrutiny.
This study is one of the first to scrutinize FitnessGram CRF cut-
points using empirical data. Our findings evidently suggest that
FitnessGram may should be continuously evaluated for its validity.
There are several limitations to be acknowledged in this study.
Though the sample for the NHANES is selected to represent the
population, the findings are not likely generalizable to whole US
adolescents due to the substantial sample loss in the 2003e2004
NHANES data and the robust sample exclusion applied for the
treadmill test.16 That said, the proportion of individuals who met
the FitnessGram standards (those in the HFZ) (50e56% for males
and 34e36% for females) observed in our studywas consistent with
previous findings.22,29 It is indicated that to detect obesity, higher
_VO2max values are required than to detect cardiometabolic risk
factors.6,30 Therefore, the inconsistency in the prognostic ability of
FitnessGram standards between two datasets may be due to
different outcome variables (clustered cardiometabolic score vs
metabolically healthy/unhealthy weight status) used. Unfortu-
nately, cardiometabolic risk measures were not available in the
2012 NNYFS data, thus, an alternative measure of cardiometabolic
health, BMI-determined weight status, was used as the outcome.
Additionally, ROC curve analyses were run using a relatively small
sample size to obtain age- and sex-specific CRF cut-points. Given
these limitations, the findings should be reproduced and replicated
with larger samples and using more robust measures of CRF and
health outcomes in different populations.
Monitoring population-level CRF has been suggested as an
effective way to monitor and evaluate current and future health
status among adolescents, and the first step towards CRF surveil-
lance is to collate evidence from different populations using various
health outcomes to establish standardized CRF cut-points that have
improved utility globally.13 The results of the present study
demonstrate that FitnessGram partially discriminated those with
and without cardiometabolic risk among US adolescents in two
Table 2
Associations between categories of cardiorespiratory fitnessa and cardiometabolic
risk factors among US adolescents aged 12e15 years (logistic regression results).
Adjusted OR (95% CI)b
2003e2004 NHANES (n ¼ 362)
High clustered cardiometabolic score
Healthy Fitness Zone 1.00 (reference)
Needs Improvement-some risk 2.63 (0.97e7.16)
Needs Improvement-high risk 3.17 (1.14e8.79)d
p-for-trend p < 0.001
Adjusted OR (95% CI)c
2012 NNYFS (n ¼ 451)
Metabolically unhealthy weight status
Healthy Fitness Zone 1.00 (reference)
Needs Improvement-some risk 1.53 (0.68e3.46)
Needs Improvement-high risk 5.81 (3.49e9.68)d
p-for-trend p < 0.001
Data source: 2003e3004 NHANES, 2012 NNYFS.
Note. CI, Confidence interval; NHANES, National Health and Nutrition Examination
Survey; NNYFS, NHANES National Youth Fitness Survey; OR, Odd ratio.
a Defined based on FITNESSGRAM cutoff values.11
b Covariates included age, sex, race/ethnicity, household income, and body mass
index.
c Covariates included age, sex, race/ethnicity, and household income.
d p < 0.05.
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datasets. While the results suggest that it may be worthwhile to
continue to monitor and scrutinize the validity of FitnessGram
using more recent, larger nationally representative data, caution is
needed when interpreting our findings due to the aforementioned
limitations associated with the present study. Future research is
needed to continue to replicate and reproduce CRF cut-points and
test their utility in different populations using more robust
methodology.
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